
a 

% 



Office I 



PRIORITY 
DOCUMENT 

<!imMnTED ORTRANSMTTTBDW 
cSScEWriHRULE 17.Ka)0R(b) 



27 DEC 2004 




INVESTOR IN PEOPLE 



The Patent OflBce 
Concept House 
CardiflFRoad 
Newport 



iS^ U AUG 2003 



WIPQ 



I, the undersigned, being an oflBcer duly authorised in accordance with Section 74(1) and (4) of 
the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named in 
this certificate and any accompanying documents has re-registered under the Companies Act 1 980 
with the same name as that with which it was registered immediately before re-registration save 
for the substitution as, or inclusion as, the last part of the name of the words "public limited 
company" or their equivalents in Welsh, references to the name of the company in this certificate 
and any accompan3ang documents shall be treated as references to the name with which it is so 
re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c, pic, 
P.L.C. or PLC 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 



Signed ' '^^^ 
Dated 14 July^tS*'*''*^'^ 



An Executive Agency of the D^artment of Trade and Industry 



^-JUN-2002 17 = -?^ Ff?nri T l|F?b'. 

Pa)Eeiits.5brml/T3 
Patents 

o 



an 



TH^ATEjSIT OFFICE 

^ JUN 2002 

RECEIVED BY FAX 



Office 



TO LD< PATENT 



P. 02 




Request for grant of a patent 

(S£erks notes ottffke back of this finm* Tan eon ids0 get 



The Patent 0£Eic6 

Cofdiif Rosd 
Newport 
GwEnfNP9 1RH 
imm E729521-1 002m_ 



y out te&ifince 



IP/F7151 



2s Pstxsnt ^^j^jJu^AtifiQCi nur^yj^ ^jy 

(T^tf Pm^nt Office )n^ijm ijt this pan) 



0214989.6 



28 mM 



3, Full name, midiess dud postcode of die of of 

each, applicant (underline ail surnames) 



Patents ADP mnnber ^you know if) 

If flie appIicOTt is a coiporate body, give As? 
coimtry/state of its JiicorpoiafiQn 



QIMSTIQ IIMrrED 

Registered Q@C6 8S Bnddngliam Gate 
London SW LB 6iPD 
United. Kzzlgdofil 



GB 



4. Titie of &e imreniioii 



Phoioduomic liquid Ctyatals 



5. Nan»ofyoiir3ga]t(^j«irAa»von«; 

"Address fin* service" m the Uirited Kingdom 
to ^wdiicfa. an coirespondence should be seur 
(mduding ths postcode) 



Patente ADP mgribgr {i/you hmv U) 



Bo-wderv AnQiony Oliver 

QINETIQUMTIED 
IP Potmalitifis 
A4BIds 

Cody Technology Fade 

IvelyRoad 

Farnborough 

Hants QU14 0O£ United Kingdam 



If you «Te de&larin^ priority tmn one or more 
earlier patent applicatiom^ give the coimtty 
and the date of filing of the or of each of these 
earlier applioatLons and fifyou know ii)^{ff 
^^ cTt appHcatioai miziib^x 



Country 



Piority application number 
(if you know 



Date of fiHD£ 
(day /month /year) 



7. If tills application is divided or otherwise 
derived £oni an eadiet UK: applicadon, 
give the uuniber fln^i the filing date of 
the earlier appl ication 

8. Is a statement of inverrtorslixp and of right 
if ' tograntofapaienciequiredjnsajyppartof 

this JCequest? (Aaswer 'Yes * ^ 

a) any fg?pliGtml named in part Sis not an inventor, or YES (b) 

b) AereisoHlnvmici^vtholsn^iitmedasaji 
f^iieani, or 

c) ci^ iuvHed apj^aam is a catporaXB hody. 
See note (i^) 

Patents Form 1/77 



Number or esHicr applioatLooL 'DiiXt of filing 

(day /monift /year) 



Patents Form 1/77 



£a-jui>j-£^a<£ j.^-oo j-Kun 11^ riHLUERN TO UK PATENT 

9r "'flieiiiwabtrofl^fcbfbraiiyoftbs 



foi^-/iHB Items you HHiiig with this fbniL 
Do nat count copies of the sws doamma 

Comimi&ticm sheets of ^ fonn 

Description 65 

O^ff) ' 10 

Abstract 0 

Drawii^> 



;,/c^' 



10. Ifyou are also flJiiigaayof the fcllowma 
state how luany against each i**™ 

Fiioiitydocanaents zeid 
TiemlaelDds of priozi^ documsnts zeco 

Stateioent of iiivfiiitorfihip and right zero 
to gtact of apatent ffaienisFarm 7/77) 

Request &r pr dimin^ exananatioii one 
aiid search (Patents Form 9/77) 

Request £bc substantrv? exandoatioa 2era 

Any otber documeats zero 
^oa&B^ec^) 



IL I /We request the grant ofa patent on basis of drisapiJlicaiian. 

Signatoie lb nT-R-^A-IR^ D.J.RDSHTON Dato28^,2002 



12. Naxn^a^iddaydiXB telephone number 

pe»on to contact In Che United Shigddm Mrs Linda Biucfcsliaw DI252 392722 

Warning 



T^S^ JZ -^^J ^J'^f'^^ ^ Cor«ptroner oftkePaitnt Office wM comid^r piA^T 
wca^^mtum of the m',erau>n should be prohibit^ pr r^tricted under Section 32 of the Patents Act i977 Y^ 

!S SZn-'^-?-'^ ""^ '^^^f^'"' has hem ftkd at hast 6 wsefa bejbrehand in /fe 
Notes 

<i> ^^;'ffl< tmd hdp to jm in Aisjbrm or ht^ ^ questUm, plt^ contact the Patent C^ce an 0645 S00505. 
b) fVrite your answers in capital letters using SkUfk ink or you mi^ type them. 

t .A.^" rt. r^Wparrry. continuation sheet .houM 

d) If you have auacfted yea' Patents Form 7/77 wiH need to 6s JSed. 

e) Onee you km^ fiUed in tksform you must remember to sign and date A 
f} For detaih of the fee and ways to pay please contact the Patent t^gHce. 

Patents Fonn 1/77 



.u..-^ 1^=^ FRC3M IPMflLUERN UK PfiTENT p.ag 

^" • ^ DUPLICATE 

1 

PhotOChmmir Liquid rry state 

mis invention relates to piiotochramic fiquid crystals and their use In mixtures and 
devices. 

A photochromic material is one whose transmittance varies with the intensity of light 
incident upon it, wherein the transtnitlance is the ratio of enerey tiansmitiBd by a 
body to that incident on it Photochromic materiaJs may undergo revereibie chemical 
transformations under the fnfiuence of electromagnetic radiation with the states 
possessing different absorption maxima. More generally photochromic materials may 
be thought of as materials which change shape, electronic structure and colour 
preiferably in a contralled manner upon inadfatlon with ilght of selectsd wavelengths. 

The tem> "liquid crystals" is well known. It refers to compounds which, as a result of 
their structure, will align themselves in a similar orientation, preferably at worldng 
temperatures, for example of fhom -40 to 200^C. These materials are leefiil in 
various devices, in particular liquid crystal display devices or LCDs. 

Liquid crystals can exist in various phases. In essence there are three different classes 
of liquid crystalline material, each possessing a charactarisHc molecular anangement 
These classes are nemalip, chfral nematic (cholesteric) and smecHc. 

Broadly speaking, the molecules of nematic compounds will align themselves in a 
particular orientation in a bulk material. Smectic materials, in addiUon to being 
orientated In a similar way, will align themselves dosely in layers. 

A wide range of smectic phases exists, for example smectic A and smectic C. m die 
former, the molecules are aligned peipendiculariy to a base or support;, whilst m the 
latter, molecuies may be inclined to the support:. Some llqufd crystal matserials possess 
a number of liquid crystal phases on varying Uie temperature. Otheis have Just one 
phase. For example, a liquid crystal material may show the following phases on being 
cooled from the isotropic phase:- isotropic - nematic - smectic A - smecHc C - solid. If 
a material is described as being smectic A then it Is generally taken bo mean that the 
material possesses a smecOc A phase over a usefUl woridng temperature range. 




2 



Such materials are usefUI, in particular m dfsplay devices where their abllHy to align 
thamsdves and to change their alignment under the hifiuence of voltage, is used to 
Impact on the path of polarised light thus giving rise to liquid ctysfcal displays. These 
are widdy used In devices such as watches, c^dculafaors, display boards or hoardings, 
compute- screens, In particular laptop mmpuisr screens etc TTue properties of the 
compounds which Impact on tfie speed with which the compounds respond to changes 
fn voltage Include molecule size^ vfecosHy (An)^ dipole m<»nents (Ae)^ conducttvHy etc 

A typical liquid crystal devrtce comprise a layer of liquid oysCal material (typically a 
mixture) sandwiched bebween two cell walls. On the Inner suriiaoes of the t::eli walls are 
electrode structures and on the Inner surface of the electrode structures is a so called 
alignment layer- This alignment layer serves to align the liquid oystal material in a 
particular manner such that the sv^tchihg characteristic of the device may be 
optimised. There are various types of methods of providing alignment layers Including 
rubbing the surfece in a particular direction, typically with a doth. Alternatively there 
are so called ncn contact alignment layers wherein a layer of material is deposited on 
Co the Inner electrode suri^ce(s) which has the effect of impariSng a particular 
alignment characteristic on Co the liquid crystal material. These alignment techniques 
are well known to those sidlled in the art and there Is a continued effort In developing 
improved methods of alignment 

There !s also a continued need for alternative liquid crystal materials which show 
improved properties In the bulk liquid crystal layer. 

The current inventors have combined the properties of phofDchromic and liquid crystal 
materials In order bo pnovlde what is believed to be a new class of materials which are 
of interest for their bulk liquid oystal properties, tfieir aligning properties and also that 
tiiey pra^de for devices which may be light addressed In addition to more 
conventional addressing means. 
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According to a flrat aspect of this invention the following materials of Formula I and 
Fomriula lb are provided: 




Formula I 





p. 10 




p. 12 
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* Indicates tiie point of attachment to Rirmula I or Fomiula lb; 
Itie phenyl groups In 

CD CID qZD CtD 

ma/ incfep^id^y of each oth^ be repiaoed by pyridine and pyrimldine groups; 
wher^ X Is seledsd from S, O, NH, Se^ CHsj. P; 

wherein J is selected from CF^ CHj, CFH, NR' wherein 1^9 is selected from H, Cl-40 
br»idied or straight chain aikyi v^enefn one or marti of the 0^2 groups may be 
repiaced by 0, CH and the tsmifnal dh group may be replaced by a OI2 group or an 
SH, OH, CXJOH, CHO, Q2CCHCH2 or OjCCCCHj) Qh group; 
Wherein a and d are independently selected from CH^ CF> CHzCHa, 0CH3, OCHzCHa or 
Fbrmula II; 

b,c,e and f are IndeperttletiHy selectBd firom H, Fmtiula n or Cl-40 branched or 
sbBlght chain alkyi wherelnisne or more of tiie QH2 groups may be replaced by 0, 
CFH, av, CH and the terminal CHb ^up may be replaced by a CH2 group or an SH, 
OH, CF^ COOH, CHO, CyXHOt or QjCCCCHa) CHz group 
wherein Formula n Is given by: 



Y-Q--[-2 

Formula H 

wherdn Y Is selected from -GDr, OzC, S, CH2, or a single bond; 
Q is selected from (CHOn, n Is 1-20 or (CH2)m-[SI(l2)-0]q-SI(L2)-(CH2)p- where m is 
2-20, p is 2-20, q Is 1-12 and the L graups am ii^qiendently of each other selected 
from CH3, CF3, H; 

Z Is O or OOz or OjC or CHi or a single bond; 
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is a mesogenrc group; 
Tlslor2or 3; 

when T Is 2 *en Q may also be selected from (CH2)gN((CH2)r)2/ 

(CH2)gSrCCH3XCCH2)r)i, (CH2)gP((CH2)r)2, (CH2)gGe(CH3X(CH2)r)2, wherein the values 

of g and r are independeniiy selected from 1-20; 

when T is 3 then Q may also be selected from (CH2)g'iSi((CH2)r03, and 

(CH2)g'6e{(CH2)r03; wherein the values of g' and r* are independentiy selected from 1- 

20; 

provided that at least one of a ACrd,e,f are selected fttjm Rirmula n.. 



In tfie above Formula II the groups con^ponding to Y would generally be referred to 
as ainnectlng groups, the Q groups as spacers and the Z groups as connatinfl 
groupis- 

When T Is 2 this Indicates that there are two Z-mesogenfc groups attached to Q and 
an H from the appropriate CH? group of Q has been replaced when the connectivity Is 
to or via an alkylene group and similarly when T is 3 then 2H are replaced. If there Is 
more than one Z-mesogenlc group present l»e, T > 1 then those Z-mesogenIc groups 
are chosen Independently- 
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Prefi^bly the mesogenlc group is given by the Ibllciwing Fonnula tH: 

f-A Ml -H-B Wg— B'-^— W3 — t-Di Z5 

1.2 • oa.2 

Formula DI 

A, D, B' D are selected Iram the following rings: 

O O o o o 9 O 

the above rings may be substitufaed with one or mors of the following substftuents in 
at least one of the available substfttmon positions: a> Br, CH3, CN, OR, R and NCS 
where R Is given by Cue bnandhed or straight chain alkyi/ (preferably 
preferably C1.5]; B^'may also be selected from single bond; 

2^ Is selected from CM, F, a, NO2, OR, C02Rf CF3. OOCR, NCS, SCN, where R = 
straight chain or branched chain alkyl and may Include from 1-16 carbon atoms and 
Including where one or more non-adjacent CH^ groups may be substftuted by 
CH(CNX CHCOS). CH(Ci), CHfCHa) In chiral or non-chiral fonn and one or more non- 
adjacent GHz groups may be substituted by CH such that there Is a double bond 
present and the terminal CH3 group may be replaced by a CHa groups- 
provided that the total number of rings present is not greater than 4; 

Wi and Wh and arc Independently selected finom COO, OCO, single bond, CH2CH2r 
CH2O, OCH2, O, S, CH^CH, C=Q OCO{CH2)xr COOCCHa)^ Wherein x fe 1-4. 

The connectivity of group Z to the mesogenic group of Formula HI may be at any of 
the available cari^on atom substitution positions on groups A, B, B', D. 

Similarly the connectlvrity of the Z group to the mesogenic group in Formula II does 
not limit the nature of the point of attachment. 
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Th6 mesogeniq group or eit least a part of the mesogenic group may also be given by 
the cholesteryl group and derivatives thereof. For example In Formula in the portion 
B-Wr-B -WrD-Z^ would be given by choiesteryl and derivatives thereof 
Preferably (independently): 




CZ3 ^ cny 



ana chosen from 





XIsS; 

a and d ane CH3 or F=brmula II; 

one of b and c and one of e and f are chosen ftom Formula n; 
In Fonnula n Y Is O, OCD, C02; 

for Q when seledsd from (CH2)n then n rs 2-12, more preferably in the range of 3- 
11, 4-11 or 6-11; vuhen seledted from (CH2)m-[SlCL2)-0]q-Si(l2HCHj)p then m and p 
are praiPerably 3-12, more pref^erably 5-10; 
Ttelj 

tbr Fomiula m preferably A,B,B',D are selected from phenyl and/or cydohexyl and 
when substituted they are substftubgd by F; 

Is selected from CN, OR, R where R Is C3-12 alkyi; 
Wi and Wa If pn^nt and Ws are indepoidenUy selected from COO, OCO, single 
bond. 
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According to a further aspect of this inventfon materials of the following formula are 
provided: 



Wherein the 




groups are dhcs;^ resp^vely^ from the fbllov\ring: 






p. 20 
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IS present and includes unsymrnetncal compounds. V is given by OH, COOH and 
0CCH2)mCHCHa wherein m is 2-20; 

provided Hiat when V Is COOH then the compound Is unsymmetrfcaL 

The a, d and X grtiups ar^ given according to the first asped: Of the invention and * 

indicates the point of attachment. 
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The cx:)inpDLinds of Fbimulae I and lb may be synthesized via the readfon of the 
fbilowing general struc±ure 




groups are chosen respecBvefy from the foHowlng: 




p. 24 
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!.e. V Is typically Independently selected from OH, COOH or OCCH2)mCHCH2 where m 
Is 2-20; 

wfth a suIteMe mesogenic group subSftuted wfth an active group such as Br, OH or 
COOH. m the case where the spacer group Is a sfloxane then the mesogenic group 
may be substituted with the group (CH2)pSI(L2)[0SI{l2)]qH. 

The a, d and X groups are given acoorefing to the first aspect of the Invention and * 
Indicates the point of attachment 
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The materials of Fbrmula I and lb may be conveited between these two forms as set 
out below. 

Wherein A Is substantially in the range 400 - ZOOOnm, preferably 40D-10G0nm, more 

preferably 500-900nm. 

B Is In the range 280 - SOOnm. 

The factors that determine this conversion indude the nature of the functional 
groups present, e-'g. their eledron withdrawing and relffls!ng nature. 




light wavelength 
A 



light wavelength 
B 



{' 
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The materials repreranted below may he aanverted between the two forms 
(representative of I and lb) as Indicated; 
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The materials of the present Invention may be used tn a >rariety of devices particularly 
dedro-optic devices. Suftable examples include liquid crystal da/Ices wherein the 
present materials may provide a variety of tUncdons. For example they may be used a 
surlBoe alignment materials and/or In tiie bulk of the liquid crystal layer. They are of 
use in ferraeledric and nematlc mfadures/devlces. 

■nie materials of the pr^nt invention advantageously possess one or more of tiie 
fbliovuing properties: 



Good optiaii staUiity 

Ljow wilting energy density 

High number of read/write cycJes ■> - 

Thermally liable 
UV stable 

Different phase properties on going ftibm Fonnula ItoJb 
Different UV absorption properties on going from Foarmula I to lb. 



24 



The invention will now be described by way of example witti reference to the 
following drawings: 

Rgures 1-10 are synthetic schemes which are illiistratSve of the current invention 

Rflure 11 Is a typical liquid crystal device Incorporating the materials of the present 
invention. 



A range of compounds was made by way of example. The compound numbers are 
referred to In the Tables. 
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Compound 1 

l^-Bis(6-cartx«y-2-meaiylbenzo|J»]thlaphen-3-vl)hexafluoro and 4'-(2- 

Hydrosjy-ethoxy)-b1phenyM-carbonltrlle are synthesteed according to the literature. 
The compound 1 is obtained as follows: 

0.2S g (0.45 mmoD of 1,2 -Bls(6^rboxy-2-mE4hvlb6nzo[b]tlitophen-3- 
yt)hexBfluorocyclo-pentene and 0.26 g (1.07 mmol) of 4'-(2-Hydraxy-ethoxy)'' 
bIplienyl-4-carbonitrHe are dissolved In 25 mL of diy CHzCt. 5.7 mg (0.045 mmol) of 
DMAP, then 0.13 g (1.07 mmol) of DIG are added. After stirring at room temperafajre 
for 2 h, the solvent is disdiled off under reduced pressure, Ibe resulting product 
purified by column ttiromatography on ^lica gei using CHaCJz as eluentto give a pure 
product as a white sdld (0.33 g, 77 % yield). 

Empirical formula: Cs3H38F%N206S2, Molar mass: 955.14, TransitiorVT"C Cryst > 350 
Iso llq. 

Compound 2 

The compound 2 is prepared according to the same procedure to that described for 
the preparation of the rampourKl 1, 

The precursors In this case are l,2-B55(6-carbDxy-2>-methylbenzoCb]thiophen-3- 
yl)he>{a- 

fluonxydopentene and 4'-(6-Hydroxy'hexylQxyH'iphenyi-4<arbonitrBe. 
Yield: 72%, Empirical formula: C6iHs4F6N206Sa, Motar mass: 1067.23. 

Compound 3 

The compound 3 is prepared according to the same procedure to that described for 
the preparation of the oampound 1. 

The precursors In ihls case are l,2-B!5(6-carboxy-2-methylbenzo[b]thiophen-3- 
yl)hexa- 

fiuorocyclopentEne and 4'-(7-Hydroxy-heptyloxy>-biphenyl-4-carbonltrile. 
Yield: 76 %, Empirical formula: QsI^sbF^I^ObSz, Molar mass: 1095.28, 
Tran^on/rx:: Cryst 194.9 SmX 72.9 Iso liq. 
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Compound 4 

The compound 4 is prepared according to the same procedure to that described for 
the preparation of the compound 1. 

The prBOirsorS in this case are l,2-Bls(6-carboxy-2-melhylbenzo[b]thtophen-3- 
yl)hexa- 

fluoroeydopentene and 4H8-Hydroxy-<idv^(»<yj-bIphenvrt-4-cartionftt1le. 
Yield: 77 %, Empirical formula: Ca^eJ^OAr Molar mass: 1123.33. 

Compound 5 

Ihe compound 5 is pre¥>ared according to the same procedure to that described for 
the preparation of the compouid 1. 

The precureors in this case are l,2-Bls(6-carixixy^2-methylbenzo[b3thlQphBn-3- 
yl)hexa- 

fluorocyclopentene and 4H9-HydrDxy-non^axy>4)lphenyl-4-carbonfhiie. 
Yield: 72 %, Empirical formula: Qf^^HzCk^ Molar mass: 1151.38^ 
Tranation/P'C: Oyst 1723 SmX 69.9 Iso liq. 

Compound 6 

The compound 6 Is prepared according to the same procedure to that described for 
the pr^aBtion of tiie compound 1. ' 

The precursors In this case are l,2-KsC6-c2rbQxy-2-mBthylbenzo[b]thlophen-3- 
yl)ho(a- 

fluorocydopentene and 4H10-Hydroxy-de<yloi<y)-blphenyl-4-cari}onltrlle. 
Yield: 81 %, Empirical formula: C^Jth^ttizOA, Molar mass: 1179.43, 
Ttansltion/T»G Cryst 169.5 SmX 53.1 Iso liq. 
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Compound 7 

The compound 7 fs prepared according to the same procedure to that described for 
tiie preparation of the compound 1. 

The precursors in this case are l,2-B!s(6-carboxy-2-melhylbenzo[b]thiophen-3- 

yl)he<a- 

fluorocydopentene and 4Hli-Hydro>v-undecyloxy)-blphenyl-4<arbonMe. 
Yield: 79 %, Empirical formula: CnHy^hfiiO^Zi Mdaf mass: 1229.48, 
TransiUon/T'C: Cryst 179.6 SmX 66.4 Ero Hq. 

Compound 8 

The compound 8 is prepared according to the same procedure tx> that described for 
the preparation of the compound 1. 

The precursors in this case are l,2-Bls(6-cart)oxy-2-methylbenzo[b]thiophen-3- 
yl)hexa- 

fluorocydopentene and 4'--(12-Hydroxy-dodecvlQxy)~bIphenyl-4-carbonitrile- 
Yfeld: 73 %, Empirical formula: C73H7BF6N2O5S2. Molar mass: 12S7.S3, 
TransitJon/T'C: Cryst 160.1 SmX 57.1 Iso llq. 
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Compound 9 
Stepl 

e-Methoxy-Z-methylberEmCblthlophene 
20.20 g (0.12 mol) of 6-Meth{^berB»[b]thIophene dRuted In 450 mL of anhydrous 
THF are Introduced Into a 3-^ecked round-bottsmed flask under nitrogen. The 
mbdiire is cooled to -50 °C 64 mL (0.14 mol) of a 2.5M solution of nBuU in h^jsne 
are added dropw^. The resulting nraxture is stirred iiir lh3Q at -40^C and then 
cooled t» -78^. 52 g (0.36 mol) of are added. TTie mbcture Is allowed to return 
to room temperature, then hydrolyBed with 250 mL of water. The water-THF mixture 
Is extracted three timra with 300 mL of EtaO. The resulting organic phase Is washed 
several times with saturated aqueous NaQ solution, dried over magnesium suliBte 
and then concentrated under reducol pressure. The solid collected Is recrystalllsed 
from mHthanol to give a white solid OlJm g, 97 % yidd). 
EmpFrical formula; C»HioOS, Molar mass: 178.25, Melting point: 

Stsep2 
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3-Bramo-6-ntethox/-2-inethylbena^;p]ilophene 

A mbdure of 20.63 g (0.13 mol) of 6-Methoxy^2-^Tiethylbenzo[b]thiophene and 250 
mL of CHCI3 Is cooled by using a ice-water batii. A solution consisting of 20.08 g 
(0.14 mol) of Brj and 90 mL of CHQs Is added dropwise. After the addition Is 
completed^ the mixture is ^rrad fbr 30 min at room t^pereture and then 
hydrtiiysed with 300 mL of fflturated aqueous Naz^O^ solution. The aqueous phase 
Is extracted twice with 300 mL of CHOs. The combined organic phases are washed 
several tjmes with water, dded over magnesium sidfate and ttien are concentrated 
under reduced pressure. The resulting solid recrystalllsed flx>m methanol gives a 
white solid (28.50 g, 88 % yield). 

Bnpirieal formula: doHgBrOS, Molar mass: 257.15, Melting point: 80-81'C 
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step 3 



l,2-Bls(6-methoxy-2-methyIbenzo[b]thlophen-3-Yl)hexafluorocydopent3Bn8 
To a safrred solufa'dn of 10 g (0.039 mbO of 3-Bromo-6-meOTaxy^2- 
methylbenzQ[b]thItn>herie in 150 mLcf anhydrous "TWF Is added dropwise 15-6 mL 
(0.039 mo!) of a 2.5M solution of nBuU In hexane at -78°C under nitrogen 
atmosphere. The resuiang mature IssBrrad for 30 min at -TB^C, then 4.12 g (0.019 
mol) of perfluoroc/dopentene is added In single portion. After the addition Is 
completed, the mixture is allowed to rttum to room temperature, then hydrolysed 
with 150 mL of water. The misdure THFwater la extracted three times with 150 mL 
of EfeO. The resuHaig organic phase is washed several times with saturated aqueous 
Naa solution, dried over magneSum sulfela and thai concentrated under reduced 
pressure. The crude produd: Is purified by column chromBtbgraphy m ^lica gel and 
eluted with mixtures conslsdng of pentane. and CH^ of Increasing polarity (100:0 to 
70:30). The resulting solid is recrystalfised fiiom methanol to give a white solid (6.50 
■g, 62 % yield). 

Empirical fbrmula: CsH^FeOiSa, Molar mass: 528.53, Melting point; ISZ-ISS'C. 



l,2-Bis(6-hydroxy-2-methyIbBn20[b]thlophen-3-yl)hexafluorocydopentene 
5.60 g (0.01 mol) of the cxjmpound obtained in step 3 and- 100 mL of pre-dlsHHed 
CH2Ct ai« Introduced into a 3-ned<ed-iiound-bottomed flask under nitrogen. The 
resulting mixture Is cooled lay using a Ice-water bath, then 4.91 mL (0.05 mol) of 
BBra ts added dnspwise. "The solution is warmed to room Ifimperature and stirred fbr 
6 hours. Then, the mixture Is cooled by using a icfrwater bath and 100 mL of 10 % 
HCI aqueous solutjon is added slowly* Tlie chlorinated phase Is s^raked from the 
aqueous phase. This latter is extracted several times with ethyl acetate. "The 
combined organic phases are washed with water, dried over magnesium sulf^ and 
then are concentrated under reduced pressure. The crude product is purified by 
column chromatography on silica gel and eluted with mixtures consisting of {aHzQa 
and EtaO of Increasing polarity (100:0 bo 90: 10) to give a white solid (4.7 g, 93 % 
yield). 

Empirical fotmuia: qasHMFgOzSz, Molar mass: 500.48, Melting point 236-237°^ 



Step4 




Steps 

0.15 g (0.30 mmol) of the wmpound obtained In step 4 and 0.26 g (0.70 mmol) of 
ll-(4'-Cyano^jiphenYl-4-Ylflxy)-decanolc add are dissolved In 30 mL of dry CHjOz- 4 
mg (0.030 mmol) of DMAP, then 0.088 g (0.72 mmoD of DIC are added. The mixture 
Iss sdn^d at room temperature for 2 h. The solvent is distilled off and then the 
resulting produd: Is purified by column dromatography on ^lica gel using CHzOa as 
duent to give a pure product as a white solid (0;25 g, 70 % yidd). 
Empirical ibmtula: QaHnP^^^ Molar mass: 1201.43, TransltlonA'C: SmX 69.3 N 
78.5 ISO nq. 

Compound 10 

The compound 10 is ohtoined according to the same procedure to that described In 

Step 5 of the synthesis of the comppynd 9. :. 

Tlie precursors in this case are i^-Bls(6-hydrQxy-2-mdiTv1benzD[b]tliiophen-3- 

yl)hexafluoro- 

cydopentene obtained in Step 4 of the synthesis of the compound 9 and 1H4'- 
C3yano-biphenyh4-yloxv)-undecanofc add. 

Yield: 78 %, Empirical ftarmula: CnHr^FeNAST, Molar mass; 1229.48, 
TransHion/T«»C: SmX 55.8 N 60.8 ISO llq. 



-• 
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Compound il 
Step 1 

5-Methoxy^2-methylb^zo[b]thiophene 

Thts compound Is prepared acoonflng to the same procedure to that described in 
Step 1 t)f the syntheds or the compound 9 from 5-Methoxybeitto[b]thtoph6r» 
obtained according to the same procedure to that described Irt the literature. 
Yield: 92 Empirical formula: CwHioOS, Molar mass: 178:25, Melting point: 97- 



3-Bromo-5-metht»€y-2-me&iylbenzo[b]thlophene- 

This compound is prepared according to the same procedure to that described In 
Step 2 of the s^diesls of the compound 9 from 5-Metfioxy-2- 
melhYlbenzo[b]thtophene. 

Yield: 40 %, EmpMcal formula: CioHgBrOS, Molar mass: 257,15, Uquld. 



l,2-BisC5-methoxy-2-methy1benzo[b]«iIophen-3-Yl)hewifluorocydopentene 
This compound is prepared according to the same procedure to that described In 
Step 3 of the synthesis of the compound 9 from 3-Bromo-5-methoxy-2- 
methylbenzo[b]tjNdphene obtained In Step 2. 

Yield: 69 %, Empirical formula: Ca5HMF602S2, Molar mass: 528.53, MeBing point: 



step 2 



Steps 



^ta— jun— <;cna<£ rr<uri ir riHUvizKri 

step 4 

l,2-Brs(5-lwdraxy-2-methylben2»[b]thiophen-3-yDhex^ 

This compound Is preparaJ acoording to the same procwlure to tb$t described In 

Step 4 of the synthesis of the compound 9 from l,2-^5-rrieth(»(y-2- 

methyIbenzo[blthiophen-3-yl)hexafluorQqydi^jaitene obtained In Step 3. 

Yield: 87 %, Empirical fbnnula: CaHMF602Sj:, Molar mass: 500.48, Melting point; 

Steps 

0.15 g (0.30 mnroO of the compound obtained In step 4 and 0.26 g (0.70 mmol) of 
ll<4'<Va™>*'Pl^fi'^y'"^y'°'V>^ec3"'^c add ana dissolved In 30 mL of dry CHzCb. 4 
mg (0.030 mmol) of DMAP^ then 0.088 g (0.72 pimoD of DIC are added. The mixture 
Is sHrred at room temperature for 2 h.- The solvent Is dlsUIIed off and then tiie 
resulting product is purlfled'by column chromatography on silica gel using CHjCIa as 
eluent to give a pure produtt as a white solid (0.27 g, 74 % yield). 
Bnpirical formula: C69H70F6N2D4S2, Mdar mass: 1201.43, Tll&nsltIoiVT*'C: Cryst 140.2 
N 92.0 ISO liq. 

Oxnpound 12 

The compound 12 is obtained aocondlng to the ame procedure to that described in 
step 5 of tlie synthesis of Ihe compound 11. 

Ttie precureors In this case are i,2-BIs(5-tiydroxy-2"iTiethylb6nzo[b]thIophan-3- 
yl)hexafluoro- 

cydopentene obtained in Step 4 of the synthesis of the compound 11 and ll-(4'- 
Cyano-blphenyl74'ytoxy>undeccmoic add. 

Yield: 73 %, Empirical formula: CnHvJF^^ Molar mass: 1229.'«, 
Translfon/TQ Cryst 140.2 N 92.0 ISO liq. 
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Compound 13 
Step 1 

l-[6-MethQ>cy-2-methylb6n20[b]thiophen-3-yl3-hept9fluorocydoperrtiene 
To a stirred solution of 7.61 g (0.03 mol) of 3-Bromo-6-methoxy-2- 
methylbenzo[b3thiophene (compound obtained in Step 2 oftfie synthesis of the 
compound 9) in 120 mL of anhydrous THF is added dropwise 11.90 mL (0.034 mol) 
of a 2.5M solution of nBuU in hexane at -78*C under nitrogen atmosphere. Ttie 
resulting mbcture Is stln^d for 30 mln at -TS-C, then 20 g (0.09 mol) of 
perfluorocyclopentene is added tn a single portion. After the addffion Is completed, 
the mixture is allowed to return to room temperalwre, then hydrdysed with 120 mL 
of water. "The mixture THFwater is extracted three times with 150 mL of EtzO. The 
resulting organic phase is washed several times witii saturated aqueous NaCI 
soluijon, dried over magnesium sulfate and then concentrafed under reduced 
pressure. The crude product purified by column chnamatography on silica gel and 
eluted with mixtures consisting of perrtane and CHaClz of increasing polarity (100;0 to 
80:20) gives an oily product (8.12 g; 72 % yield), pure enough to be used In die 
next step withoiit fijrther purification. 
Empirical formula: QsHisFtOS, Molar massi 376.33. 
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HS-Metftffl«y-2-meftylbaizo[b]thtophBn-3-yl)-2K5'-inethoxy-2'- 

methylben20lb]thl0Frfi- 
en-3'-y])-hexHfluorocyddperttetlie 

To a stirred solution of 4.78 g (0.018 moD of the compound obtafned In Step 1 in 
100 mL of anhydrous THF b added drapwtse 7.2 mL (0.018 mol) of a 2.SM solution 
of nBuU In hejiane at -78*»C under nitrogen atmosphere. The resulting mixture Is 
stirred for 30 min at then a soluUon of 7 g (0.018 mol) of the synthesis of the 
compound obtained In Step 2 of the synthesis of the compound 11 and 10 mL of 
anhydrous THF Is added dowly. ARsr the addition Is completed, the mixture Is 
allowed to t^wm to room temperature, then hydrolysed v«tt» 140 mL of water. The 
mixture THPvwiter Is extracted three times with' 150 mL of EtaO. The resultinfi 
organic phase is washed several times with saturated aqueous NaQ solution, dried 
over magnesium sulfate and then ooncerArated under reduced pressure. The crude 
product is purified by column chromatography on sinca gd'and eluted with mixtures 
consisting of pentane and CHaQz of increasing polarfty (100:0 to 70:30). The 
resulting solid Is recrystalllsed from metiianol to give a white solid (5.42 g, 57 % 
yield). 

EmpUlcal fbmiula: CaW^Si, Molar mass: 528.53, Meittig point: IIS-IIS^C. 



Step 3 



l-(5-HydrDxy-2-metitylbenzDCb]thlophen-3-yl)-2-(6'-hydroxy-2'- 

methylbenzo[b]thlaph- 
en-3'-yI}-hexafiuorocyclcpantene 

This compound is prepared accorellng to the same procedure to that described in 
Step 4 of the synthesis of the compound 9 from the compound oWalned in Step 2.. 
Yield: 91 %, Empltlcal fomiula; C23Hi4l=«02Saf l^olar mass: 500.48, Melting point: 
228'»C 
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Step 4 



0,15 g (0,30 mmol) of the compound obtained in step 3 and 0.26 g (0,70 mmol) of 
lK4'-Cyano-b!phenYl-4-yloxy)-decano!C add are dissolved in 30 mL of dry CH2d2. 4 
mg (0.030 mmol) of DMAP, then 0.088 g (0.72 mmol) of DIC are added. The nnbdure 
IS stirred at room temperature for 2 h; The solvent \& disblled off and then the 
resulting product is purified by cx>lumn chromatography on silica gel using CH2CI2 as 
eluent to give a pure product as a white solid (0.27 g, 74 % yield). 
Empirical fbrmufa: C6gH7DF6N204S2, Molar mass: 1201.43, Transition/T°C: SmX 743 N 
87.8isolfq. 

Compound 14 

The compound 14 Is obtained according to the same procedure to that described in 
step 4 of the synthesis of the compound 13. 

The precursors in this case are l-(5-Hydro)cy-2-methy[benzD[b]throphen-3-yl>2-C6'- 
hydroxy-2'-methylbenzo[b3thiophen-3'-yl)-hexaf!uorDcyclopQri^ obtained In Stsep 3 
of the synthesis of the compound IS and lH4'-Cyano-biphenyJ-4-yloxy)-undecanofc 
add. 

Yield: 78 %^ Empirical formula: QiH74F6N20fiSa^ Molar mass: 1229.48, 
Transit3on/T°C: SmX 56.9 N 65.6 ISO liq. 

Compound 15 

A mixture of 0.15 g (0 JO mmol) of l,2-Bis(6-hydroxy-2-methyIbenzc[b]tliiophen-3- 
yl)hexafIuorocydopentene obtained In Step 4 of the synthesis of the compound 9, 
0.26 g (0.72 mmot) of 4'-(6-Bromo-'hexyloxy)-blphenYl-4-carfaonltrite, 0.10 g (0.72 
mmol) of KaCOa and 20 mL of dry butanone Is refluxed for 24 h, then allowed to 
return to room tsernperature. The reariJon mixture Is filtered and the butanone is 
distilled off under reduced pressure. The crude product putlfied by a)lumn 
chmmatogr^hy on silica gel using CHzCfc. as eluent gives a pure product as a white 
solid (0.26 g, 81%y!Bld). 

Empirical fomiula: CbiHmF€N204$2/ Molar mass: 1061.25, Transltlon/T^C: SmX 78.9 N 
95.5 ISO liq. 



36 



Compound 16 

TTie compound 16 Is obtained according to the same procedure to that described fior 
the preparation of the compound 15. 

The precaitBora In this case are l^-Bls(6-hydraxy-2-meaTylbenzo[b]thfophen-3- 
yl)hexafluoro- 

cydopentjene obtained In Step 4 of the synthesis of the compound 9 and 4'-{10- 
B«)mo<lecylaxy)-*IphenyM-carbonitrIle. 

Yield: 87 %,EmpIHcal fomiula: C:69H74FsN204Sa/ Molar mass: 1173.46, Transltiori/T«C: 
SmX 73.6 N 77.5 ISO Ilq. 



Compound 17 

The compound 17 Is obtained according to the same procedure to that desctibed for 
the preparation of the compound 15. 

The precursors in ttils case are l>BIS{6-hvdrc»<y-2-methylberBD[b]thIophen-> 
y1)he)tafluoro- 

cydopentene obt^ned in Step 4 of the synthesis of the compound 9 and 4H11- 
Bromo-undecyioxy)-blphenyl-4-carbonltriIe. 

Yield: 86 %, Empirical formula: CnHTsFsNzO^a, Molar mass: 1201,51, 
Transrlion^Ci SmX 57.7 N.;61.4 ISO llcj. 

Compound 18 

A mbdure of 0.15 g (0.30 mmol) of i,2-Bis(5-hydroxy-2-methylbenzo[b]ttiiophen-3- 
yl)he)«afluorocyclopentene obtained in Step 4 of the synthesis of the compound 11, 
030 g {0.72 mmol) of 4'-(10-Bronitwioceloxy)-blphenyl-4-carbonlb-llef 0.10 g (0.72 
mmd) of K1CO3 and 20 mL of dry bulanone is refluxed for 24 h, then allowed tn 
return to room temperature. The reaction mixture b filtered and the butanone is 
distilied off under reduced pressure. The cmde product purified by column 
chiDmatography on silica gel using CH2Q1 as eluent gives a pure product as a white 
solid (0.29 g, 84 % yield). 

Empirical formula: Cb,H74F6N204S2, Molar mass: 1173.46, TVansltIorVT»C: Cryst 141.: 
IM 88.8 ISO Ilq. 
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Compound 19 

The compound 19 is obtained according to the same procedure to tJiet descritjed for 
the pr^aration of the compound 18. 

The precursors in this case are l,Z-Bis(5-hydroxy-2-methyibenzo[b]thlophen-3- 

Yi)hejcafluorocyclopentenB obtained in Step 4 of the synthesis of tJie compound 11 

and4'-(ll-Bn3mo-ijndecyloxy)-biphenyl-4-caitK)nftriie. 

Yield: 81 %, Empirical formula: CtiHmFgNiOaSz, Molar mass: 1201.51, 

Transition/T''C: Cryst 120.5 SmX S1.3 H 61.7 Iso liq. 

Compound 20 

A mixture of 0.15 g (030 mmol) of l-CS-Hydroxy^2-methYibenzo[b]thiophen-3-yl)-2- 
(6'-hydroxy-2'-methYlbenzo[b]thiophen-3'-yl)-lTexafluorocydopentene obtained in 
Step 3 of the synthesis of the compound 13, 0.26 g (0.72 mmol) of 4'-(6-ax>mo- 
he>cylo>cy)-biphenvl-4-carbon[trile, 0.10 g (0.72 mmol) Of KiCOs and 20 mL of dry 
butanone Is nefluxed far 24 h, then allowed to retum to room temperature. The 
reaction mixture is filtered and the botanone IsdisOHed ofl? under reduced pr^sure. 
The crude product purified by column chromatxjgraphy on silica gel using CH2CI2 as 
eluent gives a pure product as a white solid (0.27 g, 84 % yield). 
Empirical fomnula: QiH^FeNzO-iS^, Molar mass: 1061.25, TVansi«on/F'C: N 113.2 Iso 
liq. 

Compound 21 

The compound 21 is obtained according to the same procedure to Hiat described for 
the preparation of the compound 20. 

The precursors in this case are l-(5-Hydroxy-2'methvlb6nzo[b3thiophen-3"Yl)-2"(6'- 
hydro)cy-2'-methyibenEo[b]thiophen-3 -yI)-hexafiuorocyclopentene obtained In Step 3 
of the synthesis of the compound 13 and 4'-(10-Bromo-decyloxy)-biphenyl-4- 
carbanitrile. 

Yield: 78 %, Empirical fiannula: C69H74F6N204ia/ Molar mass: 1173.46, 
TranSltion/T*C: SmX 5fi.9 N 66.6 Iso Hq. 




Com|K)und22 

The compound 22 is obtained acairding to the same procedure to ihat described for 
the preparation of tiie comimund 20. 

The precursor in this case are H5-Hydroxi^2-metMbe>«o[WtWophen-3irt)-2-C6''- 
hYdrt)xy-2'-methylbenzoih3ttilophen"3'-yl>hexafluorocydopEnte^^ obtained In Step 3 
of the synthesis of the compound 13 and 4'-(ll-Bromo'undecyloxy)-blphenYl-4- 
carbonltrlle. 

Yield: 87 %, Empirical formula: C7iH7bF«N204S2, Molar mass: 1201.51, 
Trandtionn*C: SmX 52.7 N 61.1 bo llq. 



Compound 23 
Step 1 

A mixture of 0.50 9 (0.98 mmol) of l,2^Bls(6-hydroxy-2-methylben2D[b]th[ophen-3- 
yl)hexafluorocydopentane obtained In Step 4 of the synthesis of the oompound 9, 
0.42 g (0.96 mmd) of 4'-(ll-Bromo-undecyloxy)-biphenyl-4-carbonlbfle, 0.16 g (1.2 
mmxS) of KjCOs and 70 mL of dty butanone Is iiefluxBd for 24 h, then allowed to 
return to rooni temperature. The reacHon mixture is fHtjered and the butanone Is 
distillel off und^ reduced pneKure. The crude product purified by oalumn 
chromatography on silica gel using a mixture of CHjOz and Hrf) (95/5) as eluent 
gives a pure product as a white solid (0.38 g. 45 % yield). 
Empirical fomiuia: QTHHpeNQaSi, Molar mass: 854.02, Melting point: 71-72''C. 



5tep2 

A mixture of 0.15 g (0.17 mmol) of the compound obtained In step 1 and 0.10 g 
(0.26 mmol) of ll-(4'-Cyano-btphenyl-4-yloxy)-undecanolc add is dissolved in 20 mL 
of dry CHzClz. 3.2 mg (0.022 mmol) of DMAP, then 32 mg (0.25 mmol) of DIG Is 
added. The mixtum is stirred at room temperature for 2 h. The solvent is distilled off 
and then die resuMng produd: Is purified by column chromatography on silica gel 
usmg CH,Ch as duent to give a pure product as a white solid (0.19 g, 92 % yield). 
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Empirical formula: C71H76F6N2O5S2, Molar mass: 1215.50, Transmon/T"C: SmX 57.8 N 
62.1 ISO Uq. 

Compound 24 

A mixture of 0.10 g (0.12 mmd) of the compound obtained In step 1 for the 
preparation of the compound 23, 0.06 g (0.17 mmol) of 4'-C6-Bromo-hexylo>cy)- 
biphenyl-4-carbonltjile, 0.02 g (0.014 mmol) of K2CO3 and 15 mL of dry butanone is 
refiuxed for 24 h, tiien allowed to return to room temperature. The reaction mbdiire 
is filtered and the butanone is distilled off under reduced pressure. The crude 
product purified by column chromatography on silica gel using CHiCJi as eluent gives 
a pure product as a white solid (0.12 g, 89 % yield). 

Empirical formula: CB8H68F6NJO4S2, Molar mass: 1131.38, Transaion/r*C: SmX 53.5 N 
61.9 ISO liq. 

Compound 25 
Step 1 

4-Oc£yloxy-benzolc add (4-hydrc»cy-b|phenvi-4-yl) ester ' 
4.5 g (0.018 mol) of 4-OdyIoxy-benzolc add, 7.0 g (0.038:mol) of 4,4'-Dlhydrt»<y 
biphenyl and 0.46 g (3.7 mmol) of DMAP are dissolved In .65 mL of dry THF and 4.4 
g (0.021 mol) of DO: Is added. After stfrring for IS h at room temperature, the 
suspension fs filtercd. The residue is dissolved In a hot solution of 
he)«ane:CHCl3:THF=2:2:l and after cooltng to room temperature, tiie predpftate is 
filtjered off. The recrystallisatlon is repeated until the TLC Indicates pure white 
product (3.7 g, 49 % yield). 

Empirical formula: C27H3o04, Molar mass: 418.53, MeWng point: 183*»C. 



4-Octyloxy-benznic add (4'-(ll^romo-undecylt»cy>-blphenyl-4-yl) ester 
A mbrture of 3.5 g (8.4 mmd) of 4-OctyloKy-benzolc add (4'-hydiwblphenyl-4-yi) 
ester, 7.88 g (25 mmol) of 1,11-DIbrqmoundecane, 3.45 g (25 mmoD of KiCOi and 
50 mL of dry butanone is refluxed for 24 h, then allowed to return to room 
temperature. The reaction mixhire Is filtered off and the butanone Is dlsHlled off 
under reduced pressure. The crude product purified by column chromatography on 



Step 2 
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Silica gd QhQi as eluent gives a pure product as a white solid (5.35 g, 85 % 
yield). 

Empirical formula: CsyHAflBrQi, Molar mass: 637.69, TransWcn/T'C: Qyst 106.2 SmC 
115.6 SmA 153.2 N 171.6 Iso llq. 

Step 3 

A mixture of D.15 g (0.3 mmol) of l,2-Bls(64iydit»xy-2-metiiylben»[IJ}iJiioptieiv-3- 
yl)hexafluorocydoperrtene obtained in Step 4 of the synthesis of the compound 9, 
0.56 g (0.9 mmol) of -HSctyloxy-benajIcacid (4'r(lHmjmo-undecyloxy)-bIpheiiyI-4- 
yi) ester olitalned in Step 2, 0.12 g (0.9 mmol) of KzOCb and 20 mL of dry butanone 
Is refluxed lor 24 h, then allowed to return to room temperature. The reaction 
mixture Is nltered and the butanone is distilled off under reduced pressure. The 
crude product purified by column chromatography on dltca gel using CHzCi2 es eluent 
gives a pure product as a white solid (0.36 g, 74 % yield). 
Empirical formula: dooHia^FeOaSj, Molar mass: 1664.17, TVansltion/T^: SmX 87.9 
SmA 161.4 Iso nq. 

Compound 26 

A mixture of 0.15 g (0.3 mmoD of l<5-Hydroxy-2-mdtiylbenM£b]thlophe^^^ 
(S'-hydroxy-2'-methylbenza[b]thlcvherTr3'-yl)-h obtained In 

Step 3 ofthe synthesis ofthe compound 13^ 0.56 g (0.9 mmcJ) of 4-Odyloxy- 
ben2S3lc add (4-(ll-bromo-undecyIc»ty)-biphenyl-4i^D ester obtained in Step 2 of 
the synthesis of the compound 25, 0. 12 g (0.9 mmoD of Vi^COs arid 20 mL of dry 
butanone is rrfluxed fbr 24 h, then allowed to return to room temperature. The 
reaction mixture Is Altered and the butanone is distilled off under reduced pressure. 
The cmrie product purtfled.by column chromatography on sIHca gel i^ng CH2CI2 as 
eluent gives a pure product as a white solid (0,39 79 % yield). 
Empirical formula: CifloHi24F60ioS2, Molar mass: 1664.17, TransttJon/T^C: SmX 90.7 
SmA 94.2 N 162.7 Iso 11^. 
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Compound 27 
Stepl 

4-(4-Hydroxy"Cyclohexyl)-phertol 

10 g (0.052 mol) of '4-C4-Hydrc«y-phenyl)-cyclohe><anone is dissolved in 300 mL of 
mettianoL 2.13 g (0,058 mol) of NaBH* is added at room temperature Iw smpll 
portion for 2 hours- After stirring over night the rn'odiire Is cooled using an Ice-water 
hath, then hydrolysed with a solution of 10% HCJ aqueous solution. The soluHon Is 
extracted several times witii ethyl acetate. The resulting organic phase Is washed 
with water, dried over magnesium sulfate^ then concentrated under reduced 
pressure. The residue recrystaJHsed from ethanol gives pure white crystals (S.7 g, 87 
% yield). 

Empirical formula: Q^HibOz, Molar mass; 192-25, fwielting point: 213-215«C 
Step 2 

4-C4-(ll-BromD-undecyloxy)-phenyl]-cyclohexanol 

A mixture of 2.40 g (0.012 mol) of 4-(4-HydrDxy-cyclohexyl)-phenol obtained In Step 
Ir 11.76 (0.037 mol) of lal-Dlbromoundecane, S.17 g (0.037 mol) of K2CO3 and 40 
mL of dry butanone is refluxed for 24 h, then allowed to r^urn to room temperature. 
The reaction mixture is filtered off and the butanone Is dfetrlied off under reduced 
pressure. The crude product is purified by recrystalltsation ft'om etlianol to give a 
pure product as a white solid (4.34 g, 85 % yield). 

Empirical formula: CzsHsrBrOz, Molar mass: 425.44, iwielting point: 100-lOl^C. 



step 3 

4-Odyloxy-benzolc add 4i4-Cll-bromo-undecyloocy)-phenyl]-<ycloh®<yl ester 
3 g (7.05 mmol) or4-[+<ll-Btt>mo-iindecyioxy)-phenyl]-cycIohexanol obtained In 
step 2 and 2.02 g C7.52 mmo!) of 4-Odylaxy-benzoyl chloride are dissolved in 100 
ml of dry CHaCI^. 0.95 g C7.52 mmol) of cm? are added. The mixture Is stirred at 
room temperature aver night. The solvent is distilled off and then the resulting 
product Is purified by column chroitiatagraphy on silica gel using CHaQi as eluent t» 
give a pure product as a whltB solid (3.8 g, 82 % yield). 
Empirical fbnnula: C3BH57B1O4, Molar mass: 657.76, Tnansitionn^C: Ci7st77.1 SmC 
95.9 SmA 112.8 N 127.6 Iso llq. 



42 



Step 4 

A mixture of 0.10 g (0.2 mmol) of l,2-Bis(64iydra>cy-2-methylben2io[b]thlophen-3- 
yi)hexafluotTicyclopentene obtained in Step 4 of the synthesis of the compound 9, 
0.31 g (0.47 mmol) of 4-Odyloxy-baizoic acid 4-[4<ll-bromo-undBcyloxy)-pheiiyJ]. 
cydohexyl ester obtaft«d In Step 3, 0.065 g (0.47 mmol) of KiCO, and 20 mL of dry 
butanone is refluxed for 24 h, then allowtfed to return to room temperature. The 
reaction m-odure ts filtered and the butanone Is disblied off under reduced pressure. 
The crude product purified by column diromatography on silica gel using CHzQz as 
eluent gives a pure product as a white solid (0.25 g, 76 % yield). 
Empirical formula: ClooHiaFeOioSz/ Molar mass: 1671.23. 
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CDmpourtd 28 

A mixture of 0,10 g (0.2 mmol) of H5-Hydroxy-2-methylben2»Il)]thIophen-3-yl)-2- 
(6 -hydroxvr-2 -methylbenzoEbjthiophen-y-yO-hexaflu^ obtained In 

Step 3 of the synthesis of the compound 13, 031 g (0.47 mmol) of 4-Octylaxy- 
benzofc add 4-['1-(ll-bromo-undecylqxy)-phenyl]-cydohexyl esber obtained in Step 3 
of the synthesis of the compound 27, 0.065 g (0.47 iTimoD of K2CO3 and 20 mL of 
dry butenona Is refluxed for 24 then allowed to return to room temperature. The 
reaction mixture is filtered and tfie butanone Is distilled off under reduced pressure. 
The crude product purified by column chromatography on silica gel using CH^Cb 3S 
eluent gives a pure product as a white solid (0.27 g, 84 % yield). 
Empirical formula: CiooHis^FeOioSz, Molar mass: 1672.23^ 

Compound 29 
Stepl 

4-(l"R(-)-Methyl-heptylo)cy)-benzoic acid mediyl ester 

• 10.68 g (0.070 mol) of 4-Hydn3>cy-b8n2olc acid melJiyl ester, 8.10 g (0.062 mol) of 
S(+)-Octan-2-ol, 15.10 (0.070 mol) of DIAD are dissolved in 120 mL of anhydrous 
THF. 18.39 g (0.070 mol) of PPha Is added by small portion for 30 mln. After stirring 
for 3 K the solvent is distilled off under reduced pressure. The crude product punRed 
by column chromatography on silica gel using CH2a2 as eluent gives a pure oily 
product (23.46 Q, 92 % yield). 
Empirical formula; CieH2403/ Molar mass: 264.36. 



a 
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Step 2 

4-Cl-R(-)-MemyI-heptyloxy)-benzolc add 

10 g (0.039 mbl) of 4-(l-R(->Mettiyl-heptyloxy)-benzoic add methyl ester obtained 
In Step 1 Is dissolved In 100 mL of THF. A solution oF22 g (0.39 mol) of KOH In 40 
mL 6f water fs added. The mixture Is heated up to reflux and stirred for 6 h. The 
mixture is allowed to retuiti to room temperature, then the solvents are distilled off 

and Ice-water Is added. After addiflcation with concentrated HO, the mixture Is 

extradsd several times with CHaOa. The resulting orQaoic phase is drfed over 
magnesium sulfate and concentrated under reduced pressure. The produd: Is 

recrystelllsed ftom hexane to give a pure product as whttsa crystals (8.8B 91 % 

yidd). 

Empirical ftwmula: QsHjaOa, Molar mass: 250.33, Melting point 68-69'^ 




Step 3 

4-(l-R(-)-M8thyl-heptylDxy)-benzolc add 4-[4-Cll-bromo-und6cyk»cy)'CycIoliexy1> 
phenyl ester 

3 g (7.05 mmol) of 4-[4-(ll-Bn3rno-undecylaxy)-phenyl]-cydohexanol obtained In 
Step.2 of the synthesis of the compound 27 and 1.76 g (7.05 mmol) of 4<l-R(-h 
MeaTyl-heptyloxy)-benzoyf chloride (obtelned from the con-espondfrig add and SOQz 
by refluxing for 2 h) are dissdved In 40 mL of dry CH^CIj. 1.06 g (8.46 mmol) of 
DMAP Is added. The mixture Is stirred at room temperature over night. The solvent fc 
distilled off and then the resulting product is puiifled by column chromatography on 
silica gel using OhPi as duent to give a pure product as a white aoBd (3.61 g, 78 "M 
yield). 

Empirical formula: C^^BtO*, Molar mass: 657.76, TYansmon/T»C: 
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A mixture of 0.10 Q (0.2 mmol) of l,2-Bis(6-hydroxy-2-nnethylbenzo[b]thiophen-3- 
yI)he(afluoroc/dopentene obtained (n Step 4 Cff the synthesis of the oimpound 9, 
0.31 g (0.47 mmol) of 4-(l-R(-)-Methyl-heptyloxy)-benzoic add 4-[4-(ll-Bromo- 
undecylo)(y)-q«:lohfficyl]-phenyl ^er, 0.065 g (0.47 mmol) of KzCOa and 20 mL of 
dry butanone Is refluxed for 24 h, then allowed to return to room temperature. TTie 
reactfon mbdure is filtered and the bUtanone Is distilled off under reduced pressure. 
The crude product purified by column chromatography on silica gel using OH^Oa as 
eluent gives a pure product as a white solid (0.28 87 % yield). 
Empirical formula: CionHiHFsOioSj, f^olar mass: 1671.23, Transition/PC: Cryst 72.1 
SmX 43.6 SmA 60.5 ISO liq. 

Compound 30 

A mixture of 0.10 g (0.2 mmol) of l-(5-HydrDxy-2-mBthylbenzo[b]thioj5hen-3-yl)-2- 
(5'-hydrDxy-2'-methylbenzo[b]thiophen-3'-yI)-hexafluorocydopentene obtained In 
Step 3 of die synthesis of the compound 13, 0.31 g (0.47 mmol) of 4-(l-R(-)-Methyl- 
heptyloxy)-benzoic add 4-[4-(ll-bromo-undecylo>cy)-cydohexyI]-phenyl ester 
obtained in Step 3 of the synthesis of the compound 29, Qi065 g (0,47 mmq!) of 
K2CO3 and 20 mL of dry butanone is refluxed for 24 h, then allowed to return to 
room temperature. The reaction mixture Is filtered and the butanone is distilled off 
under reduced pressure. Tlie crude product purified by column chromatography On 
silica gel using CH2CI2 as eluent gives d pure product as a white solid (0.27 g, 84 % 
yield). 

Empirical formula: CiooHmFeOioSj, i^olar masst 1671.23, TransitionyT"C: Cryst 80.5 
SmX 45.8 SmA 62.6 Iso liq. 
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Compound 31 

A mixture Of 0.10 g (0.2 mmol) of H5-HyclreKy-2-memy!ben2oEb]th[ophen-3-yI)-2- 
(s'-hydroxy-Z'-methylbenzoMthtophen-y-TlVhecafluorocydopen^^ oMalned In 
Step 3 of the synthesis of the compound 13, 0.15 g (0.23 mmol) of 4-(l-R(->Melhyl- 
heptyloxy)-ben2olc add 4-[4-(ll-bitnno-undecvlc«y><ydohexyG-iihenyl ester 
obtained m step 3 of the synlheslis of the compound 29, 0-065 g (0.47 mmol) of 
KaCCb and 20 mL of diy butenone Is rrfluxed fbr 24 h, then allowed to return to 
room temperature. The reaction mixture is filtered and the butanone Is distilled off 
under reduced pressure. The crude product purified by column chnsmatugraplTy on 
snica gel using CHaCb as eluent gives a pure product as a white solid (0.23 g, 80 % 
yield). 

Empirical formula: CgsHiosFeNOzSi, Molar mass: 1430.S7, Tl^ansttlon/PC: Tg 25.3 
SmA66.2]jSQ iiq. 



Compound 32 
Stepl 

4-<12-Bromo-undecyl<»<y)-b8nzofc a(^d methyl e^ 

A mixture of 5 g (0.032 moO of 4-Hydraxy-bBrea>ta add methyl ester, 30.94 g (0;098 
mol) of 1.11-DIbromo undecane, 13.S g (0.098 mol) of KzCOa and 80 mL of dry 
butanone is refluxed fbr 24 h, then allowed to return tn room temperature. The 
reaction mixture is filtered and the-butanone is distilled off under reduced pressure, 
■me crude product purified by oolumq diromafcography on silica gei u^ng CHaCfi as 
eiuent gives a pure product as a wNts solid (10.60 g, 86 % yield). 
Empirical formula: CwHzgBrOa, Molar mass: 385.34, Melting point: SS-Se'C. 
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^(ll-Bromo-undecyloxy)-ben2olc add 

8 g (D.021 tnol) of 4-Cl2-Bronno-undecyloxv)-ben20Ic add methyl ester obrtaTned irt 
Step 1 is dissolved in lOG mL of THF. A solution of 10 (0.24 mo!) Of NaOH in 35 mL 
of water is added. The mixture is heated at 40*0 and stirred for 48 li. The mixture is 
allowed to return t» room temperature, then the solvents are dbtSlled off and 
ice/water is added. After addtfication wrth concentrated HQ, the mixture is extracted 
witti several times with CHzCU. The resulting organic phase te dried over magnesium 
sulfate and concentrated under reduced pressure. The product recrystallised ftt>m 
hexane gives a pure product as white crystals (7.80 g, 88 % yield). 
Empirical formula: Ci8H27Br03r Molar mass: 37131, Melting point: 120-121"C. 



4-(ll-Bromo-undecyloxy)-ben2oic acid Cholesterol 

To a stirred solution of 5.68 g (0.014 mol) of Cholesterol, 5.45 g (0.014 mol) of 4- 
(12-Bromo-undecyloxy)-benzoyl chloride (obtained ftom the coniesponding add and 
SOOs by refluxing for 2 h) and 80 mL of dry CH^Cb 2.22 g (0.017 mol) of UWP are 
added under nitrogen atmosphene. The mMure3s sHrred at room temperature over 
night The solvent Is distilled off and then tiie resulting product Is purified by column 
chromatography on silica gel using CHzQi as eluent to give a pure product as a whRs 
solid (7.97 g, 77 % yield). 

Empirical fbrmula: C45H7iBrtD3, Molar mass: 739.95, TYansmon/T'»C: Cryst 117.2 SmA 
143.7 TGB 143.S N 190.7 Iso liq. 



A mixture of 0.15 g (0.29 mmol) of l,2-Bis(6-hydroxy-2-methylbenzo[b]thIophen-3- 
yI)hexafluorocydapentene obtained \n Sbsp 4 of the synthesis of the compound 9, 
0.56 g (0.76 mmol) of 4-(12-Bromo-undecyl(»ey)-bejizoic add Cholesterol obtained in 
Step 3, 0.IQ g (0.76 mmoO of KjCCfe and 20 mL of dry butanone is refluxed for 24 h, 
then allowed to return to room temperature. The readion mixture Is filtered and the 
butanone Is distilled off under reduced pressure. The citjde product purified by 
column chromatography on silica gel using CHaOz as eluent gives a pure product as a 
white solid (0.43 82 % yield). 



Steps 



Step 4 
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Empirical formula: CusHifflFeOsSa, Molarmass: 1824.60, TransHion/T*C: Tg 6l.a 
SmX* 175.4130 llq. 

Compound 33 

A mixture of 0.15 g (0.29 mmol) of H5-Hydra)qf-2-meaiylbenzo[b]thIophen-3-yl>-2- 
(6'4iydraxy-2'-mBtMbenzoI>]thIophen-3'-yI^hexafluorcK7d^^ obtained In 
Step 3 of IJ« synthesis of the compound 13, 0.56 g (0.77 mmol) of 4-(12-Bromo~ 
undecylo>cy)-benzolc add Cholesteral obtelned in Step 3 of. the synthesis of the 
oompound 32, 0.10 g (0.77 mmoD of K2CO3 and IS raL of dry butanone Is refluxed 
for 24 h, tlMn allowed to return to room tsmperatura. The reaction mixture is fliltsred 
arKi the butanone Is distilled off under reduced pressive. The oude product purified 
by column chromatography on silica gd udng CHid as eluent gives a puns product 
as a white solid (0.40 g, 75 % yield). 

Empirical formula: CusHieoFfiO*?*, Molar mass: 1824.60, Transltion/T'G Tg 62.2 
SmX* 174.1 N* 183.1 Iso llq. 



<::kMtipound34 
Step 1 

A mbdiire of 0.72 g (1.41 mmol) of l,2-Bls(6-hVdr03<y-2-iiiethyIbenzo[b]thlophen-3- 
yl)hexafluorocyclopent3ene obtained In Step 4 of the synthe^ of Ihe compound 9, 
0.57 g (4.23 mmol) of 4-&omo-but-l-enB, 0.S8 g (4.23 mmol) of K^COs and 35 mL 
of dry butanone is refluxed for 24 h, then allowed to reJum to room temperature. 
The reaction mixture is fflta«d and the butanone Is dlsdSlled off under reduced 
pressure. Tlie crtJde product purified by column chromatDgraphy on silica gel uslr« 
CHzQi as eluent gives a pure oily product (0.75 g, 87 % yield). 
Empirical formula: diHsJrdCh^ Molar mass: 614.71. 
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Step 2 

4'<5-(lA,3,3-Teb^msthyl-^lisfloxanyl>pentvlaxy]-biphenyl-^l-carbonitrfe 
8.12 g (0.032 md) of 4'-But-3-ertyioxy-biphenyl-4-carbonitrile fe dissolved In 80 mL 
of dry toluene and 21.50 g (0.16 mol) of l,lA3-Tetramethyl-di^l(»cane is added. 
Dry air bubbled through the solution fbr 2 min and fiesw dro|K of piatintum(0>l,3- 
divinyl-l,l,3,3-t^methyldisiloxane complex In xylene are added. After stirring at 
room temperature for 20 h with exclusion of moisture, the solvent and excess of 
1,1,3,3-Tetramethyl-disiioxane are distilled off under reduced pressure. The residue 
purified by column chromatography on silica gel using a mixture of CHjClj/pentane 
(75/25) as etuent gives a colourless oil (10.67 g, 84 % yield). 
Empirical fomiula: CzaHsiNQiSia, l^olar mass: 397.66. 

Step 3 

0.3 g (0.51 mmol) of the compound obtained in Step 1 and 0.79 g (2,05 mrriol) of 
14'-[5<l,i,3,3-Tetramethyl-dlsiloxanyl)-pentyloxy3-biphenyl-4-carbDn[triiedjt^ 
In Step 2 are dissolved In 20 mL of dry toluene. Dry air bubbled through the soiulSon 
fbr 2 min and few drops of plabnium(0)-i,3-divinyl-l,l,3,3-tetramethyldisilo)rane 
complex in xylene are added. Afber stirring at room temperature ibr 20 h w/ith 
exclusion of moisture, the solvent is distilled off under reduced pressure. TTie re^ue 
is purified fay column chromatography on silica gel using a mixbjre of CHjCla/pentane 
(75/25) as eluentto give a colourless oil (0.53 g, 74 % yield). 
Empirical formula: C75H94FiN206S2Si4, Molar mass: 1410.02. 
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Compound 35 

0.15 g (0^6 mmol) of the compound obtained In Step 1 of the synthesis of the 
compound 34 and 0.51 g (0.65 mmol) of 4-Octyloxy-2-[5-(l,l,3,3-tetramethyl- 
disiloxanyl)-pent-l-vloxy>benzolc add (4'-undecyla>cy^bIphenyI-4-yl) ester (obtained 
according to the same procedure to that described in the literature) are dissolved in 
10 ml of dry toluene; Dry air bubbled through the solution for 2 min and few drops 
of platinlum(0)-l,3-dlvinyl-l/l,3>t6framethyldlsBaxane complex in xylene are 
added. After stirring at room temperature for 2D h with the exdbaan of moisture, 
the solvent is distilled off under reduced pressure. The residue is purified by column 
chromatography using a mixture of CHjOz/pentane (75/25) aseiuenttn give a 
colourless oil (0.39 g, 70 % yield). 

Empirical formula: CiasHtaoFgOizSzSU/Molar mass: 21ffi5.22, TVansltlon/T^C: Tg -143 
N 1Q.7 ISO llq. 

Compound 36 
Stepl 

3-BroCTioHbenzo[blthiophene 

A mbdure of 6 g (0.044 mol) of Benz6[b]thiophene and 80 mL of GHQa- Is cooled by 
using an lo&water bath. A solutSon of 7.89 g (0.044 moQ of Bra and 40 mL of CHOa 
Is added slowly. After the addition is completed, ttie mixture is stirred for 1 h at room 
temperature and then hydrolysed with 150 mL of saturated, aqueous NajSzOs 
solution. "The aqueous phase is e)dracted two times with 150 mL of CHQs. The 
combined orgmic phases are wadied ssn^ral times with water, dried aver 
magnesium sulfate and then are oonoenbrated under reduced pressure. The crude 
preiduct Is purified by distillation to give a colourless liquid (8.0 g, 84 % yield). 
Empirical formula: CsHsBrS, Molar mass: 213.10. 
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Step 2 

2-[ll-(3-Bramo-benzo[b]tliiophen-2-yO-undec7loxy3-tetrahydro-pyran 
6.91 g (0.032 md) of 3-Bromo-benzo[b]thiophenB obtained In Step 1 diluted In 180 
mL of anhydrous THF: are Introduced .into a 3-necked round-bottomed flask undo* 
nitrogen. The mbdajre Is oioled to -78 °C. 17.1 mL of a i.OM solution of LDA are 
added dropwise. After stirring for lh30 at -78 "^Q 11.80 g (0.035 mol) of 2-C12- 
Bromo-dodecylQ>cy)-tetrahydro-pyran,(obtalned as described In the literature) are 
added. The mixture is allowed to return to room temperature, then hydrolysed with 
150 mL of water. The water-THF tnbdure is esdrtcted three times With 150 mL of 
EtiO. The resulting organic phase Is washed several times with saturated aqueous 
NaO solution, dried over magnesium sulfete and then concentrated under reduced 
pressure. The crude product purified by column diromatography on silica gd wfflli 
mixture pentane and ethyl acetate (90:10) as eluent gives a pure oily compound (11 
g, 74 % yield). 

Empltica! formula: C24H35Br02S, Molar mass: -167.50. 
Step 3 f 

To a stirred solution of 10.34 g (0.022, mol) of 2-={ll-(3-Bromo-bfinzo[b]thiophen-2- 
yI)-undecyioxy]-tetraMro-pyran obtained In Step 2 In 100 mL of THF is added 
dropwise 9.3 mL of a 2.SI^ solution of. nBuLI In hexane at -78^0 under nitrogen 
atmosphere. The resulting mfxhjre Is Stfnred for 30 min at -7S°C, then 2.34 g (0.011 
moO of perfluorocyclopentene added In angle portion. After the addition Is 
completed, the mixbire is allowed to r&am to room temperature/ then hydrolysed 
with 100 mL of water. The mixture THF-water Is extracted three times with 100 mL 
of SaO. The resulting organic phase is washed several times vrfth saturated aqueous 
Naa solution, dried over magne^um sulfate and then concentrated under reduced 
pressure. The crude product is purified by column chromatography on silica gel and 
elutsd with mixture cansistlng of pentane and ethyl acetate (70:30) to give a yellow 
oily compound (4 g, 38 %), pure entMigh ta be used in the next step wttJiout ftirther 
purification. 

Empirical formula: C53H7eF604Sz, Molar mass: 955.29. 
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Stsp4 

3 g (3.10 mmol) of the cximpound obtained In step 3 Is dissolved ni 50 mL of 
ethanol. 78 mg (0.31 mmol) of PPTS Is added and the mixture is heated to reflux. 
After Stirling for 6 h, the solvent are disdiled off under reduced pressure. The crude 
product Is purified by column chromatography ori sHiea gd and dubed with mixture 
of pentane and ethyl acetate (50:50) to give a yellow oily compound (2.22 g, 91 % 
yfdd). 

Empirical ibrmula: QaHgoFeOzSa, Molar mass: 787.06. 
Steps 

0.3 g XQ.38 mmol) of the compound ditalned In step 4, 0.15 (7,8 mmol) of 4'- 
HydnJxy-bIphenyl-4-carbonitrile, 0.16 g (7.8 mmol) of CHAD are dissolved in 30 mL of 
dry 01202. OJZO g (7.8 mmol) of PPhs Is added by smaH portion for 30 min. After 
stBTlng ovemiglit the silvent are distiibd off under reduced presaire. The arude 
pnaduct Is pwified by column chromatography on silica gel using CHj^lla as eluent 
and recrystailised from pentane to gh^e a pure product as a white solid (0.23 g, 54 % 
yield). 

Emplrica) fcrmuTa: Cb9H74F6NjOzS2, Moiar mass: 1141.46, TransiHonAFC: Qryst 139.8 
N 96.7 ISO iiq. 



Compound 37 
Step 1 

2-Hyd«»cy-4-octyloxy benzole add methyl ester 

To a sHited solution of 51 g (030 mol) of Methyl-2,4<llhydrc«y benaolc ester, 207 g 
(1.5 mol) trf'I^COa In 1 L of dry fautanone Is added dowly under reflux a soludon of 
63 mL (0.36 mol) of bromooctane in 200 mL of dry butanone. Hie readfon mixture 
is refluxed Ibr 18 h until the reacBon is completed. After filtration of tiie reaction 
mbdure the butanone Is distilled off and the residue Is reaystalHsed three times friom 
m^l^nol to give white crystals (74.5 g, 88 %). 

Empirical Ibrmule: CsHmzO,. Molar mass: 1141.46, Melting point 46-47°C. 
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4-Octyloxv-2-Cpent-4-en-l-yloxy)benzolc add methyl ester. 
A mixture of 66.1 g (0.234 md) of 2-Hydr<»cy-4-octyle3>cy benzoJc add methyl esi&r 
obtained in Step 1, 44.7 g {0.30 mol) of S-BromOpent-l-ene, 207 {1-5 iTioD of 
KtCOa and 700 mL of dry butanone is nefluxed for 24 h. then allowed to reHirn to 
room temperature. The readian mbdure Is flltEred and the. bLitanone Is dlstQIed cff 
under reduced pressure. After drying the residue under vacuum a slightly yellow oil 
(77.5 95 %) Is obtained^ which can be used In the next step without further 
purification. 

Empirical formula: CziHazOa, Molar mass: 332.48. 
Step 3 

4-OctyIaxy-2-CpBnt-4-en-l-yl0xy)benzDlc add 

77.5 g (0.22 mol) of 4-OdylQixy-2-(pent-4-en-lryloxy) benzoic add methyl ester 
obtained in Step 2 is cBssolved In 700 wL ofTHF; A solution of 66.6 (1.19 mol) of 
KOH in 200 mL of water is added. The mixture Is heated to. reflux and stinted for 6 h. 
The mixture Is allowed to return to room temperature, then the solvents are distilled 
off and ice/water Is added. After addlflcatfon with concenh^ted HQ, the mixture is 
exb^cted with several times with CH2CI2. The jresulttng organic phase Is dried over 
magnesium sulfate and concBntrated under reduced pressiinS. The product 
recrystallised from hescane gistes a pure product as white crystals (66.9 92 %), 
Empirical formula: C20H30O4, Molar mass: 334.45, Melting polnt!67-68''C 
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Step 4 

4-OctylQxy-benzoic add 4-(4-hydroxy<yclohexyO-phenvI ester 
10 g (0.052 mol) of 4-(4-Hydroxy-cyclohexyl)-phBnol obtained in S\sp 1 of the 
synthesis of tlie compound 27 and 13.02 g (0.052 mol) of 4-Odylaxy-benzolc add 
are dissolved in 120 mL of anhydrous THR 0.65 g (0.0052 mol) of DMAP, then 6.56 
g (0.052 mol) of DIG are added. The mixture Is stln^l at room tsnperature 
overnight. The solvent ts dlstBled oflP and then the resulBng product Is purified by 
column chromatography on sifica gel usftig mKture of hescane and ethyl acetate 
C7Q;30) as eluent and recrystellfsed from ettianol to give a pure product as a white 
solid (6 g, 27% yield). 

Empirical formula: C27H36O4/ Molar mass: 424.57, Melting point: 111-112'»C. 



Step 5 

5.23 g (0.012 mol) of 4-OdylOxy-bBnzoic add 4-(4-hydro)fj?-cycfohexyl)-phenyl ester 
obtained In Step 4 and 4.11 g (0.012 mol) of 4-Octyloxy-2<pent-4-ertrl- 
yloxy)benzoic add obtained In Step 3 add are dissolved in 150 mL of dry CH2CI2. 
0.15 g (0.0012 mol) of DMAP, then 1.51 g (0.012 mmol) of DIG are added. The 
mixcure Is stin^ at room temperature overnight The solvent Is dlsblled off and then 
the resulting product Is purified by column chramatography on silica gel using CHaPa 
as eluent and recrystalllsed from ethanol to give a pure product as a white solid (2 g, 
23% yield). 

Empirical formula: C^HmOb, Mdar mass: 725.01, TYansitfon/T'C: Cryst 84J N 138.7 
ISO Hq. 



Steps 

1.8 g (2.42 mmoD of the oimpound obtained In Step 5 and 1.63 g (12 mmd) of 
1,1,3,3-Tetramethyl-dlsiloxane are dissolved in 70 mL of dry toluene. Dry air bubbled 
through the solution for 2 min and few drops of plalinlum(0)-l,3-dlvlnyl-l,l,3,3- 
Isetramethyldialoxane complex In xylene are added. After stining at room 
temperature for 18 h wltft exduston of moisture, the solvent Is dlsBlled off under 
reduced pressui«. The residue puiifled Ijy column rfiromatography on silica gel using 
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a mixture of hexane/ethyl acetate (90/10) as eluOTt gives a pure white solid (1,74 
B4 % yield). 

Empirical fiormula; C5iH7807Si2/ Molar mass: 859.33, Transition/T'C Cryst 45.9 N 
83.6 Iso Bq. 

Step? 

0.20 g (0,34 mmol) of the compound obtained in Step 1 of the synthesis of the 
compound 34 and 0J4 (0.68 mmol) of the molecule obtained in Step 6 are dissolved 
In 20 mL of dry toluene. Dry air bubbled thrDugh the solution far 2 min and few 
drops of platinium(0}-i,3-dlvinyJ-l,l/3,3-tetramethyldisIloxane complex in xylene are 
added. After Erring at roorn temperature for 20 h with exclusion of moisture, the 
solvent IS distilled off under reduced pressure. The residue .purified by column 
chromatography on silica gel using a mixture of hexane/ethyl aetate (90/10) as 
eluent gives a pure oily product (0.62 g, 79 %). 

Empirical formula: CiasHi^sFeOieS^SiV. Molar mass: 2333.34, Transrtion/T*C: Tg 2,6 N 
. 54.3 IsQ liq. . • u 

^ ' - . * 

: Compound 38 

To a stirred solution of 0.20 g (0-34 rhmol) of the molecule obtained In Step 1 of tiie 
synthesis of the compound 34 and few draps of platinium(0)-l^-dIvlhyhl,l/3,3- 
tetramethyldlsiloxane complex in xylene In 40 mL of dry toluene Is added dropwise a 
solution of 0.37 (0.34 mmol) of the molecule obtained in Step 6 of the synthesis of 
the compound 37 in 20 mL of dry toluene at room temperature. After stirring at 
room temperature for 20 h with exclusion of moisture, the solvent Is distilled off 
under reduced pressure. The residue purified by column chromatography on silica gel 
using a mixture of hexane/ethyl acetate (90/10) as eluent gives a pure oily product 
(0.30 g, 61 % yield). 

Empirical formula: Ca^HnoFfiOpSaSis, Molar mass: 1474.04, TransMon/r^: Tg -10 N 
15 Iso liq. 
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Compound 39 
Stepl 

4'-Undeo-10'<nylo54y-biphenyl-1-ol 

A mixture of 10 g (0.053 mol) of 4,4'-Dihydw-bIphenylf 12.52 g (0.053 mol) of 11- 
Bromo-l-undecene. 7.42 g (0.053 mol) of KaCOsand 120 mL of dry butanone is 
renuxed for 24 h, then the readaon mbtture is anowed to return to room 
temperature. 100 mL of water is added, then the product Is Altered off, washed with 
water and metfiarwl. Tim resulting solid is recrystalHsed tdiree times ftwn butanone 
to give a pure white product (7.35 9, 41 % yielcl). 
Empirical formula: CjM:^. Molar mass: 338.48, Melting point: 135-136«C. 

Step 2 

4-(ll-Broino-undecyloxy)-4"-undeo-10-enyloxy-liiphenyl =. 
A mixture of 2.80 g (8.68 mmol) off the compound obtained. In Step 1, 8.18 g (26.0 
mmol) of 1,11-Dibromo-undecane, 3.66 g ((26.0 mmol) of KzCOaand 40 mL of dry 
butanone is rafluxed for 24 h, then the reacdon miidure is allowed to return ta room 
temperature. The mixture is flttered and the soliirent Is dlsOlled off under reduced 
pressure. The resulting crude is purified by column chromatography on silica gei 
using CHzClz as eluent to give a pure white soUd-C9.11 g, 41 % yield). 
Bnpirical formula: C34H5iBr03, Molar mass: 571.67, Melting point: 93-94''C. 

step 3 

A mftdure of O.IQ g (O.iz mmol) of the compound obtained in step 1 of the synthesis 
of the compound 23, 0.1 g (0.17 mmol) of the compound obtained in Slep 3, 0.02 g 
(0.017 mmol) of KzCOa and 15 mL of dry butanone Is refluxed for 24 h. then allowed 
to rebjm to room bemperalure. The reaclaon mbdure is filtered and the butanone is 
distilled off under reduced pressure. The crude product purffied by column 
chromatography on silica gel using CHzQi as eluent gives a pure product as a while 
solid (0.12 g, 89 % yield). 

Empirical formula: C^H„FsHOA. Molar masst 1344.98, MeMng point: S1-92°C 
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In the atxive expenmental the following acronyms are iced: 

Die is N,N -diisapnopylcarbodHmide. 
DMAP is 4-DImethylaminQpyridine, 
DIAD Is Difdopropyl azocarbcDcylate, 
LDA IS Lithium diisoprapylamine* 

The foDowf ng Tables show pha^ data for various compaunds Illustrative of the 
invention. 
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-R^' n n» Cry»t SwX aaA « 

1 srTt35~"Srrcoo 2 2 5555 ■ 

2 R'lCOO R*':COO 6 6 

3 RftCOO R*;COO 7 ' '5*.' C 

4 R*:COO R*':COa 8 8 

5 R*:C300 R**:COO 9 V l?^'^ ( 

6 R*:COO R'':COO 10 10 16W ( 

7 R'rCOO R*;COO 11 II C 

8 R*:COO R*':CX)D 12 12 1«>.1 ( 

9 R*;OCO R*':OCO 9 9 

10 R*;OCO R**:OCO 10 10 

11 R^:OG(> R^:OCO 9 9 110^2 

12 R^OCO R^':OCJO 10 10 136:2 C 
J3 R'tOCO R*!OCO 9 9 

14 R^jOCO R*;0C0 10 10 

15 R*:0 R*':0 6 6 

16 R'*:0 R'^'iO 10 10 

17 K^iO R*':0 11 11 

18 A^O H':0 «n «0 ^^'^ 
jg R^O R'jO li II 120^^ € 

20 R*:0 K*':0 6 6 

21 R^O H^'.O 10 10 

22 fe^O R'^^O II n 

23 R'^-O R'^:OCO 11 10 

24 R';0 R^'.'Q 6 U 
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An eampte of the use of a material and device embonMrtg the prreent invention vwll 
now b& descrilsed with neference to Hgune 11. 



Rgure 11 is a representation of a liquid crystal devioB which consists of two Iransparsnt 
plates, 1 and 2, Ibr erample made from glass or a polymer. These pto are coated on 
their iniemal feoe with transparent conducting electrodes 3 and 4. An aBgnment layer 
5,6, eg made finm polylmkle^ is Introduced onto the Internal faces of the call so that a ' 
planar orienteHon of the moieailes making up the liquid crystalline maiterfal will be 
app«»dmately parallel to the glass plates 1 and 2. This is done by ooaBng the glass 
plates 1,2 complete with conducting electrodes so that the IntersedJons iDebween each 
column and nw fOrm an x, y matrix of addressable elennents or pixels. For some types 
of display the alignment directions are orthogonal; Prior to the oonsbuctlon of the call 
the layers 5,6 sob nibbed wfth a rdler awered in doth (fbr example made ftom velvet 
In a given dli«*lon, the nJbWng dlrecflons being '^n^nged pai^lel (same or oppodte 
direction) upon oonstnictlon of the cell.. A spacer 7 e.g. of pdymethyl methactylatB 
separates the glass plates 1 and 2 to a suitable distance e.g, 2 microns. Uquid oystai 
material 8 Is intnxluced between glass plates 1,2 by fllOng the space In between them. 
This may be done by flow tmng the cell using standard techniques. The spacer 7 is 
sealed with an adhesive 9 In a vacuum usdng an e>dsl3ng technique. Polarisers 10, 11 
ireiy be arranged In front of md behind the cell. 

Alignment layers may be Introduced onto one or more of the cell walls by one or 
more of the standarri surfece treatment techniques such as rubbing, oblique 
evapoi^rtJon or by the use of polymer aligning layers. 

The device may operate tn a transmlsslve or reflective mode. Inthefomrier, light 
pasa'ng ttirough the deVioe, e.g. from a tungsten bulb, is selectively transmitbed or 
blocked to ftwm the desired display. In the rrftedive mode a minor, or diffuse 
r^edur, (12D is placed behind the second polariser 11 to reflect ambient light bade 
through the eel and bwo polarisers. By making the mirror partly reflecting the device 
may be operated both In a transmisslve and rdtetiive mode. 



m an altemaUve embodiment a single polariser and dye material may be combined. 
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The alignment layers 5,6 have two functions, one to align contadjng liquid aystel 
molecules in a preferred dlrecdon and the other to give a tilt to tinese molecules - a so 
called surface tift: - of a few degrees typically around 4° or The alignment layers 5,6 
may be farmed by placing a few drops of the polyi'mlde on to the cell wall and spinning 
the wall until a unifbrm thfdcness is obtained. The pdyimlde Is then cured by heating to 
3 predetermined temperature for a predetsermlned time followed by unl&recBonal 
rubbing with a roller coated with a nyldrk cloth. 

The devices described by the cun-ent Invention may or may not be multiplex addressed. 

In the above descrlpfion of a typical LCD the materials of the present InvenHon may 
provide a variety of roles indudSng one or both of the fbllovvmg: 

• They may comprise the fiquid crya^tal matefral 8 

• They may be comprised in the alignment layers 5 and 6. 

When a part of the alignment layers then the mkerlals may provide the fundicms of 
alignment and contributing to the bufk properti^ of the liquid crystal matjerlal in the 
sense that they may be photochemlcaliy modified thus affecting the transmission of 
plane polarised light through the device. The device may be optically eg light 
addressed or It may be appropriate to have a combination of both electtlcal and light 
addressing means. When the device is solely light addr^d the electrode structures 
3 and 4 are not necessary. 



Use of optical addressing means allows for the provision of smaller pbcels which In 
turn gives rise to devices which are able to telce advantage of the mlnlturisation of 
associated components, 3-D displays are examples of such devices. 
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The materials of Formula VIb can be used In optically addressed memory devices 
(optical storage). The material Is switsched bebween the 2 slates I and B) Cor vfee 
versa). The state Of the material at any spatial pblnt may then be read by either 
using light of a vwavelength which does not alter the state of the material (read many 
times) or by using a light which does alter the state of the material (read once). 
Multiple writes/read/erasa cydes are possible. The read light may be linearly, 
circularly or elllptlcally polarised. In a particular embodiment of tWs appfication the 
write light is drcularly polarised and the material Is switched between I and lb such 
that a chiral transfbmnation is effected. 

The materiala of the present invention may be tethered to the surface of the 
substrates 1 and 2 and/orthis may be via an eledrode and/or optionally an 
alignment layer. This may be achieved by the use of a spacer group attached to the 
photochromic mofety. This Is particulariy applicable to those compounds which 
comprise the Sl-O-SI groups. Short: polymeric s^ms may be used which possess a 
terminal nincBonal group such as an aldehyde of a double hand. Trradiation may 
then be used to linlc the gruup to the surface of the substrate. The group may 
serve as a point of attachment when It possesses one or more alkene groups, 
particularly when there is an alkene group In the terminal position, this fs also the 
case for the group In Formula m. ^ 

Tlie materials of the present Invention may be coated on to the substratje surface by 
convenbonal fjechniques fncludrng dipping techniques or by splncoatlng. 

Suitable light addressing techniques Indude the use of lasers. 
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Further applications for the materials of the present invention fndude in piezoeiectlcs 



- Including reversible piezoeledrlcs and In artificial muscles or photo-addressable 
actuatnrs. 

There are numerous other applications in which the materials of the pr^ent 
Invention may be advantageously used including In the fields of: molecular logical 
gat^es. see K. L Kompa, R. D. Levine, PNAS^ 98, 410 (2001); liquid crystalline 
phoiuresponsive dyes; liquid crystalline photoresponsive lase dyes; image sensing 
and sensor protection; ultrai^ast colour displays and In mesomorphic molecular 
switches In conducting materials. 
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1. A material giveh by Formula I and lb: 




Formula t 




FcHTViuIa Si 



Whenatn the 



p. 73 



CO 



and 



groups ans chosen respectively from the following: 



and 




p. 72 
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wherein 




and ( 4 



are together chosen from: 
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* rndicales the point of attadinient to Fomula I or Ftonnula lb; 
the phenyl groups in 




CO 



may independently of eadi oti^r be replaced by pyrlc&ie and pyHnrridlne groups; 
wherein X is seledsd from S, O, NH, Se, CH& 

wlwrein J Is selecbal from CF^ CHz, O^, NR'wherein R9 is seiedsd from H, Cl-^Q 
branclied or strafght chain allcyi wten^n one or more of the CH2 groups may be 
replaced by O, CH and the (mttinal group may be (placed by a CHz graup or an 
SH, OH, COOH, CHO, Oz^XHCHz or OzPCXCHs) CH2 group; 

wherein a and d are Independently sefedsed irom Qh CF3, CH^CHa, OOi,, OCHjCHj or 
[narmuda 11; 

b^e and f are independentiy seledsd from H, l=orniula n or.Cl-^ brandied or 
shraight chain ailcyt wherein one or mone of tire CH2 groups may be replaced by O, 
CFH, Ci=!2, CH and the terminal CH3 group may be replaced by a CH2 group or an SH, 
OH, Ci=^ COOH, CHO, OiCCHCHz or C^CCCCHa) CH2 group 
wherein Formula n is given by: 



Y-Q-l-Z 

Formula n 

wherein Y is seledsd from O, -CO2-, S, CH2, or a single bond; 
Q Is selected from (CH,)n, n is 1-20 or (CH2)rrH;a(l2)-0]q-SI(L2HCHz)p- where m is 
2-20;. p is 2-20, q is 1-12 and the L groups are Indepenctentiy of each other selected 
from CH3, CF^ H; 

Z Is O or CQ2 or QzC or CH2 or a single bond; 





72 



is a mesc^enic group; 
Tfslor2or3; 

when T is 2 then Q may sIbo be selected from (CHj)gN((CH2)r)2, 
(CH2)gSlCCH3)(CCH2)r)2, (CH0gK(O«r>2. (CHz)gGe(CHa)(CCH2)r)2, wherdn ttie values 
of g and r are Independently sdedied fnm 1-20; 
whenTis3thenQmayalsobesdediBdt!wm(CH2)g^C(CH0O3/ and 
(CH2)g'Ge((aJi)r03; wherein the values of g* and T* are Independently selecbad from 1- 
20; 

prtftrided that at least one of a,b,(idAf are selecfed from Rifmula II. 

1 ' • •. 'j 
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2. A material aoxirding to daim 1 wherein the mesogenlc group Is given Formula 
ni: 



1.2 . D.l.Z 



Formula HI 

A, B, B' D are selected from the following rings! 

OOOQ O.Q O 

the above rings may be substituted with one or more of the' following substltuents In 
at least one of the available substitution positions: CI, Br, CH3, CN, OR, R and NCS 
where R Is given by Ci-m branched or straight chain alkyi; B' may also be selected 
from single bond; 

Is selected fmm Oi, F, CI, NO2, R, OR, CO2R, DOCR, NCS, SCN, where R = 
straight chain or branched chain alley! and may include from 1-16 carbon atoms and 
Including where one or more non-adjacertt CH2 groups may be substituted by 
CH(CN), CHCCfS), CH(CI), CHCCH3) in chlrai or non-chlral fonti and one or more non- 
adjacent CH2 groups may be substituted by CH such that there Is a double bond 
present and the tentiinal CH3 group may be replaced by a CHi group; 

provided that the total number of rings present Is not greater than 4; 



Wi and W2 and W3 are independently selected from COO, OCO, single bond, CH2CH2, 
CH2O, OCH2, O, CH=CH, feQ 0C0CCH2)x, C00(CH2)x wherein x is 1-4. 
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3. A material according to daim 1 or 2 wherein tiie mesogenic group or at least a 
part of the mesogenic group \b given by the cholesteryl group or a derivative of 
the cholesteryl group. 

4. A matseriai according to daim 1 or daim 2 wherein the core of the mesogenic 
group Is chosen from the fbllowlng; 





\ // 






wherein in each of the mesogenic groups, one or two or three of the phenyl rings 
may be, independently of each other, replaced fay cydohexyl pyrimldlne or pyridine 
and the cyciohexy! groups and phenyl -groups may independentiy of each other be 
subsStuted In one or two or three positions with F, the COj group may also be 
replaced with OzC or C=C . 
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5. A liquid crystal mixture comprfang any of the osmpounds of claims 1-4. 

6. An eledro-optfc device compridng any of the materials of clafms 1-4 or the 
mixture of dalm S. 

7. A device according to da(m 6 wherein the electro-optic device is s liquid crystal 
device. 

8. A device accohding to either of dalms 6 and 7 which is muitrplex addressed. 

9. A device according to any of dalms 6-8 which is addressed by light 
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Figure 4: 
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